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7KH FRXUVH LQQRYDWLRQ RQ &$'&$0&$( RI GLH DQG PRXOGV ZDV GLVFXVVHG LQFOXGLQJ WKH FRXUVH
DUFKLWHFWXUHǃ WHDFKLQJ PHWKRGV DQG WKH H[DPLQDWLRQ 7KH SURSRUWLRQ RI SURMHFW DQDO\]LQJ DQG SUDFWLFDO
WUDLQLQJLQWKHFRXUVHFRQWHQWVZDVLQFUHDVHGIRUFXOWLYDWLRQRIDSSOLFDWLRQRULHQWHGWDOHQWVDQGPD[OD\HUVRI
WKH FRXUVH DUFKLWHFWXUH ZHUH FRQVWUXFWHG LQ WKH PHDQWLPH )XUWKHUPRUH D QHZ QHWZRUNEDVHG VHFRQGDU\
WHDFKLQJV\VWHPDQGDQLQWHJUDWHGH[DPLQDWLRQZD\ZHUHFRQVWUXFWHG7KHFRXUVHUHIRUPRQ&$'&$0&$(
RI PROG DFKLHYHV JRRG WHDFKLQJ UHVXOWV E\ WKH WHDFKLQJ LQQRYDWLRQ DQG SUDFWLFH 7KH RSHQ DQG V\QWKHWLF
H[SHULPHQWRIGLHDQGPRXOGLQIRUPLQJSURFHVVZDVLQWURGXFHGLQWKHSUDFWLFDOWHDFKLQJLQRUGHUWRWUDLQWKH
SUDFWLFDO DELOLW\ RI VWXGHQWV IRU WKH XQGHUJUDGXDWH RI SODVWLF IRUPLQJ DQGPRXOG DQG IXOO\ XVH WKH WHDFKLQJ
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,QWURGXFWLRQ
$V DQ LPSRUWDQW PHDQV WR UHDOL]H SURGXFW KLJK HIILFLHQF\ DQG LQ PDVV SURGXFWLRQ PROG RFFXSLHV DQ
LPSRUWDQWSRVLWLRQLQQDWLRQDOHFRQRP\LWKDVWKHFKDUDFWHULVWLFVRIWHFKQRORJ\LQWHQVLYHDQGIXQGVLQWHQVLYH
PROGLQGXVWU\DUHGHWHUPLQHGDVEDVLFLQGXVWU\7RDGDSWWKHGHYHORSPHQWRIPDUNHWVLWXDWLRQRXUXQLYHUVLW\
VHWXS UHODWHG PROG GHVLJQ SURIHVVLRQDO LQ DOO WHDFKLQJ OHYHOV 7KURXJK ODUJH VFDOH JUDGXDWHV IROORZXS
LQYHVWLJDWLRQV WKH UHVXOWV VKRZHG WKDW WKH WDOHQWV GHPDQG RI SODVWLF IRUPLQJ DQG PROG SURIHVVLRQDO DUH
RSWLPLVWLFYLHZHVSHFLDOO\WKHHQWHUSULVHVLQWKHFRDVWDODUHDGLHGHVLJQDQGPDQXIDFWXUHSURIHVVLRQDOEHFRPH





 FXUULFXOD V\VWHP UHIRUP KRZ WR HQKDQFH WKH VWXGHQWV




LQ OHDUQLQJ IRUHLJQ ODQJXDJH DQG FRPSXWHU NQRZOHGJH EXW LQDFWLYH LQ VSHFLDOW\ NQRZOHGJH HVSHFLDOO\
QHJOHFWHGWKHWUDLQLQJRISUDFWLFDODELOLW\DQGFRPSUHKHQVLYHTXDOLW\VRWKDWSDUWVRIVWXGHQWVVWLOOKDUGWRPHHW
WKH HQWHUSULVH
 QHHGV  DOWKRXJK MRLQLQJ  LQ ZRUN IRU D ORQJ WLPH ,W KDV EHHQ UHSRUW WKDW SDUWV RI VWXGHQW
UHHGXFDWLRQDQGUHMRLQWKHVNLOOWUDLQLQJ>@
$W SUHVHQW PRVW HQJLQHHULQJ FROOHJHV 	 XQLYHUVLWLHV VHWXS SUDFWLFDO WHDFKLQJ VXFK DV 0HWDOZRUNLQJ
3UDFWLFHǃ&RJQLWLRQ 3UDFWLFHǃ3URGXFWLRQ 3UDFWLFH DQG *UDGXDWH 3UDFWLFH 0RUH H[WHQVLYH SUDFWLFH OLQN
LQFOXGHV IXQGDPHQWDO H[SHULPHQWV FRXUVHǃ FRXUVH GHVLJQVǃ SURIHVVLRQDO SUDFWLFDO FRXUVHV HWF %XW LQ
GLIIHUHQWFROOHJHV	XQLYHUVLWLHVHYHQ LQ WKHVDPHFROOHJHV	XQLYHUVLWLHVGLIIHUHQWSUDFWLFH OLQNKDYHJUHDW
XQEDODQFHGGHYHORSPHQWHYHQLQNH\8QLYHUVLWLHVSUDFWLFHOLQNDUHGLIILFXOWWRVXUHHYHU\ERG\LQEHQHILWV>@








RIPROG&$'&$0&$( 6R WR UHIRUP WKH WUDGLWLRQDO WHDFKLQJPRGH RIPROG&$'&$0&$( DUHPRVW





7R UHDOL]H ³OHDUQ LQ RUGHU WR SUDFWLFH DQG DOOURXQG GHYHORSPHQW´ WHDFKHUV WDNH FRPSUHKHQVLYH
RSWLPL]DWLRQ DQG SUDFWLFH IRU FXUULFXOXP FRQWHQW V\VWHP DQG HPSKDVL]HV LQ EDVLV RIPRGHUDWHǃNQRZOHGJH
DSSOLFDWLRQHQHUJHWLFDOO\LQWHQVLI\WKHWHDFKLQJOLQNRIFDVHWHDFKLQJDQGHQJLQHHULQJSUDFWLFH7KHFRQFUHWH
PHDVXUHVDUHDVIROORZFXWWKHWKHRUHWLFDOLQVWUXFWLRQKRXUVZHDNHQVRIWZDUHGHYHORSPHQWDQGSURJUDPPLQJ
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ODQJXDJHFRQWHQWVPRGHUDWH OHFWXUH WKHEDVLF WKHRU\DQGHOHPHQWDU\NQRZOHGJHRIPROG&$'&$0&$(
LQWURGXFHG LQWR'DQG'VRIWZDUH WRROSURPLQHQWHDFKPRGXOHRIPROG&$'ǃPROG&$(ǃPROG&$0






SHULRGV SURSRUWLRQ SHULRGV SURSRUWLRQ
EDVLFDQGWKHRU\NQRZOHGJH    
FDVHWHDFKLQJ    
H[SHULPHQWWHDFKLQJ    
SUDFWLFHWUDLQLQJ    
7RWDODFDGHPLFSHULRG    
+LHUDUFK\FRQVWUXFWRIFXUULFXOXPFRQWHQWV\VWHP
&XUULFXOXP FRQWHQW V\VWHP LQFOXGHV EDVLF WKHRU\ NQRZOHGJH EDVLF PHWKRGV DQG DSSOLFDWLRQ RI PROG
&$'&$0&$(EDVLFPHWKRGVDQGDSSOLFDWLRQRIPROG&$'&$0&$(LQWHJUDWHGWHFKQLTXH
%DVLF WKHRU\ NQRZOHGJH RI PROG &$'&$0&$( LV PDLQO\ LQFOXGHV WKH VWUXFWXUH RI PROG









([SDQVLRQ RI PROG  &$'&$0&$( FXUULFXOXP PHDQV WKDW PROG &$'&$0&$( ZHUH DSSOLHG LQWR




7RSURPLQHQW WKH VWURQJSUDFWLFDOLW\FKDUDFWHULVWLFVRIFXUULFXOXPZHGHVLJQPDQ\HQJLQHHULQJ WHDFKLQJ




02/')/2: DQG '()250 IRU HQWHUSULVHV LQGXFW PXOWLSOH HQWHUSULVHV HQJLQHHULQJ FDVHV VXFK DV XSSHU
FRYHURIFKDUJHUǃFRPSXWHUNH\ERDUGǃODPSKRXVHRIYHKLFOHHWF8VLQJWKHH[LVWLQJQHWZRUNIODWWHFKQLTXH
DQG PXOWLPHGLD WHDFKLQJ PHWKRG IRU WKH HQWHUSULVHV YLYLGQHVV H[DPSOH  WKH VWXGHQWV FDQ WDNH JULG
SURFHVVLQJǃJDWLQJ V\VWHP FUHDWLQJ  DQDO\VLV RI 03, ILOOLQJǃIORZǃFRROLQJ  DQG ZDUS  VWUHQJWKHQ WKH
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0DNH IXOO XVH RI H[LVWLQJ WHDFKLQJ UHVRXUFHV RI ODERUDWRU\ LQWHJUDWH H[SHULPHQW FRQWHQW EXLOW XS RSHQ
ODERUDWRU\ UXOH WDNH ODERUDWRU\ DV H[LVWLQJ WHDFKLQJ EDVH ([FHSW IRU FRPSOHWLQJ WKH QRUPDO H[SHULPHQW









$FFRUGLQJ WKHYROXQWDU\SULQFLSOH WRFKRVH VWXGHQW WKDWKDYH UHODWLYHO\ VWURQJVWXG\DQGSUDFWLFDO DELOLW\
DQGFRQVWUXFWPROGLQWHUHVWJURXS7KHLU WDVNVDUHDFFRPSOLVKHGVXUYH\LQJDQGPDSSLQJSURMHFWVIRUWKHROG


















IOH[LELOLW\ǃG\QDPLF SURSHUW\ǃLQWHUDFWLYLW\ HWF WKH QHWZRUN WHDFKLQJ SODWIRUP LQFOXGHV WKH IXQFWLRQ RI







7KH FRXUVH LQQRYDWLRQ RQ &$'&$0&$( RI GLH DQG PRXOGV ZDV GLVFXVVHG LQFOXGLQJ WKH FRXUVH
DUFKLWHFWXUHǃ WHDFKLQJ PHWKRGV DQG WKH H[DPLQDWLRQ 7KH SURSRUWLRQ RI SURMHFW DQDO\]LQJ DQG SUDFWLFDO
WUDLQLQJLQWKHFRXUVHFRQWHQWVZDVLQFUHDVHGIRUFXOWLYDWLRQRIDSSOLFDWLRQRULHQWHGWDOHQWVDQGPD[OD\HUVRI
WKH FRXUVH DUFKLWHFWXUH ZHUH FRQVWUXFWHG LQ WKH PHDQWLPH )XUWKHUPRUH D QHZ QHWZRUNEDVHG VHFRQGDU\
WHDFKLQJV\VWHPDQGDQLQWHJUDWHGH[DPLQDWLRQZD\ZHUHFRQVWUXFWHG7KHFRXUVHUHIRUPRQ&$'&$0&$(
RI PROG DFKLHYHV JRRG WHDFKLQJ UHVXOWV E\ WKH WHDFKLQJ LQQRYDWLRQ DQG SUDFWLFH 7KH RSHQ DQG V\QWKHWLF
H[SHULPHQWRIGLHDQGPRXOGLQIRUPLQJSURFHVVZDVLQWURGXFHGLQWKHSUDFWLFDOWHDFKLQJLQRUGHUWRWUDLQWKH
SUDFWLFDO DELOLW\ RI VWXGHQWV IRU WKH XQGHUJUDGXDWH RI SODVWLF IRUPLQJ DQGPRXOG DQG IXOO\ XVH WKH WHDFKLQJ
UHVRXUFH RI WKH ODERUDWRU\ ,W QRW RQO\ FDUULHG IRUZDUG H[SHULPHQWDO WHDFKLQJ UHIRUP EXW DOVR EURXJKW LQWR
SOD\VWXG\HQWKXVLDVPDQGLQLWLDWLYHRIWKHVWXGHQWVDQGHQKDQFHGWKHGHVLJQDELOLW\RIGLHE\PDQ\\HDUVRI
RSHQH[SHULPHQWWHDFKLQJ
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